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SELECTING DAIRY BULLS BY PERFORMANCE 
BY W. E. CARROLL. 
Success in any system of breeding requires that each gener-
ation approach more nearly the object in view "than has all pre-
ceding generations. Such progress is possible only when proper 
judgment is exercised and the best methods employed. In cattle 
breeding, for economic reasons, the bull is usually expected to con-
tribute more to this general improvement than is the cow. To 
make this possib.le, the bull must therefore have been subjected to 
more rigid selection than the cow in order to eliminate more of 
his undesirable characters. If he contains few undesirable char-
acters, from the b!eeding standpoint, he must of necessity transmit 
more of the good to his offspring. 
Selecting dairy bulls by performance is fast coming to be 
recognized as the only reliable method. By performance in this 
sense is meant the ability of the bull to endow his daughters with 
powers of high milk production. While authorities are now fair-
ly well agreed that selection by performance is more certain to 
accomplish the desired results, no definite standard of measuring 
performance has as yet been generally adopted. 
Methods of Selecting Dairy Bulls by Performance. 
Most of the attempts made so far to measure the perform-
ance or comparative value of dairy bulls have considered, (1) the 
total number of Advanced Register or Register of Merit daugh-
ters; (2) the number of high producing daughters-600 or 700 
pound cows;- or (3) the percentage of the total Advanced Register 
or Register of Merit daughters which are high producers. 
The first method is obviously of little value because the re-
suIts are influenced to such a degree by age and opportunity of 
the bull. The second is open to somewhat the same objection; 
and, further, in common with the third, places the emphasis on 
what may be an extreme variation rather than upon a high aver-
"age. The disadvantages of this from the standpoint of heredity 
are well understood. 
Usually the bull of greatest value to any herd is not the bull 
who sires one or two exceptional cows, but the one whose daugh-
-Journal of Heredity, Vol. VII, No.4, pp. 173-178. 
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ters are all above the average as producers. Neither of the above 
methods reveals this most desirable bull. 
The treatment of the data employed in the present paper over-
comes, as well as the available material permits, the objections 
raised above. 
Source of the Data 
The data here reported are taken from Volume 26 of the 
Holstein-Friesian Year Book, containing all entries to June 1, 
1915. It was necessary to consider seven-day records because 
of an insufficient number of yearly records to be of value in a 
sta tistical study of this kind. 
Only bulls having fifty or more A. R. O. daughters are con-
sidered. Fewer records than this would not be of great value 
statistically. Furthermore, the aim of this study is not to select 
the bull of highest rating in the entire breed, so much as to give 
a new method of attack to the question. The list contains thirty-
two bulls. Those familiar with Holstein history will recognize 
that most of the very famous bulls are included. 
These thirty-two bulls have to their credit a total of 2,579 
tested daughters and 1,052 proven sons, who in turn have 7,632 
tested daughters. The calculations include, therefore, 2,579 
records in one group and 7,632 in another, or a total of 10,211 in-
dividual butter-fat records. 
The study is, unfortunately, but of necessity, of a selected 
population. Untested daughters are manifestly not included and 
only the tested daughters are considered that have produced at 
least the minimum butter-fat requirements set by the association 
- other records not being entered in the Advanced Registry books. 
There is no way of eliminating nor even of measuring the 
effect of such factors as quality of cows with which each bull was 
mated, conditions under which the t ests were conducted, etc. 
The age and opportunity of the bulls so far as total number of 
matings are concerned are, however, not factors with the bulls 
selected, as every tested daughter of each bull is considered. 
This is possibly the chief point of difference between this an d 
previous cont ributions to the same question. 
Unfortunately, these data with all their shortcomings are the 
best available. To make such a study final would require that the 
bulls be mated with the same or, at least, similar cows and t hat all 
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the produce of every bull be considered instead of only the select 
few which make the Advanced Register. 
Age Requirements 
Before proceeding with a discussion of the data proper, it 
should be mentioned that the calculations have been made taking 
the age requirements of the Holstein-Friesian Association as a 
basis. That these are not entirely just may be seen from Table I. 
In this table the 10,211 records have been subdivided into two 
groups: the A. R. O. records of the 2,579 daughters of the thirty-
two bulls, and the 7,632 records of the A. R. O. daughters of the 
advanced register sons of the same thirty-two bulls. The object 
of this was to see if there is any tendency to change in this regard 
from one generation to the next. 
TAB L E I.-AVE RA GE FAT PRO D UCED ANID AV ERAGE PERCE NTAGE 
VALUE OF 10,211 COWS BY AGES. 
Daughters of 
32 bulls. Sons of 32 bulls. Total. Standards. 
Av. Ibs . Pct. Av.I6s. P e t. Av. Ibs. Pct. Pres- Re-
Age No. fat value o. fat value No. fat value ent vise d· 
Jr. 2 490 11.7 162.5 2266 11.4 158.3 2756 11.5 159.7 7.2 7.7 
Sr. 2 257 13.0 162.5 954 12.7 158.7 1211 12.8 160.0 8.0 8 . 6 
Jr. 3 242 14. 6 165.9 962 14.5 164 . 8 1204 14.5 164.8 8.8 9.8 
Sr. 3 251 16.1 167.7 786 15 . 2 158.3 1037 15.5 161. 5 9 . 6 10.4 
.Tr. 4 253 17.0 163.5 652 16. 5 158.7 905 16.6 159.6 10.4 11.2 
Sr. 4 209 18. 1 161. 6 493 16.6 148.2 702 17.0 151.8 11. 2 11.5 
Aged 877 18.4 153 . 3 1519 17.5 145 . 8 2396 17.8 148.3 12.0 12. 0 
'l'·he table gives the number, the average record, and the aver-
age percentage value of the cows in each age class for the two 
groups and for the total. 
If the age requirements of the Association were in accordance 
with the relative productive capacity of each class, the average 
percentage values of all would be approximately the same. As 
it is, however, the cows of one group -(aged) produced on .the 
average only 48.3% more than the Association requirement for 
that age, while the cows of another group (Junior three year old) 
exceeded the requirement by 64.8% . 
The fact that the junior three-year-old cows on the average 
exceeds their requirements more than did cows of other ages, as 
shown by the third to the last column of the table, indicates that 
it is easier for them to make the Advanced Register than it is for 
the others. Tbe senior three-year-olds stand next, while the aged 
cows stand last. 
The last two columns in Table I are included in order to show 
'" Acco rding to the 10,211 records included in this calculation. 
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more clearly the differences between the present association age 
requirements and the actual average productive capacities of cows 
of the different ages as shown by the 10,211 records included in 
this study. 
The last column was calculated from the actual average pro-
duction of cows in the different ages based upon 12.0 pounds for 
an aged cow-the present aged requirement. 
A comparison of the two sets of figures shows that with 12.0 
pounds taken as the standard for aged cows the present require-
ments for the other groups are lower in every case than the actual 
avera.ge productive capacity as shown by the records of these 
10,211 cows. 
Treatment of the Data 
Under each bull's name were listed the records, reduced to 
a percentage basis, of all of his daughters. For example, a junior 
two-year-old da~ghter of a certain bull has a seven-day record of 
10.8 pounds of fat. This is 150% of the Association requirements 
for a heifer in this class. The value of her record was therefore 
listed as 150%. An aged cow (five years or over) produced 24.0 
pounds of fat in seven days, or 200% of her Association require-
ments. She in turn was listed as a 200% cow. This process was con-
tinued for the record of each daughter. Conversion to these per-
centage values elimjnates age, thus placing all records on a com-
parable basis: The averages of these values for the daughters 
of each bull can be considered the comparative values of the bulls 
as revealed by the performance of their A. R. O. daughters. 
The Bulls Studied. 
The following is an alphabetic list of the bulls studied. The 
first number after the name is the bull's Advanced Register num-
ber; this is separated from his Herd Book number by a dash. 
The first number in parentheses gives the number of A. R . O. 
daughters sired by him, the second is the number of proven sons, 
and third is the number of proven daughters he has to his credit. 
The date of birth of each bull is also included. 
LIST OF BULLS. 
Calved. 
1. Aaggie Cornucopia Johanna Lad 473-32554 (99-60-64) .... Feb. 14, 1903 
2. Aaggie Cornucopia Pauline Count 474-29642 (71-34-23) .. Mar. 23, 1901 
3. Admiral Walker Pietertje 594-35269 (56-10-22) ................ 0 ct. 28 , 1902 
4. Changeling Butter Boy 773-41398 (67-10-29) ........ .............. Dec. 30, 1905 
5. Colant,ha Johanna Lad 720-32481 (87-58-22) .. ...................... June 20, 1903 
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~. De 'Kol Burke 162-22991 (74-43-53) ...................................... Apr. 2, 1~96 
7. De Kol 2nd's Butter Boy 3rd 147-23260 (118-91-76) .......... Mar. 20, 1897 
8. Duchess Ormsby Butter King 427-30190 (51-29-21) ............ Feb. 27, 1902 
9. Earl Korndyke De Kol 253-24954 (64-25-27) ........................ Nov. 28, 1897 
10. Hengerveld De Kol 136-23102 (116·64-79) ........................ Mar. 15, 1897 
11. Homestead Girl De Kol Sarcastic Lad 518-32558 
(105-36-47) .............................................................................. Mar. 7, 1903 
12. Homestead Jr. De Kol 342-28400 (69-35-47) ...................... May 24, 1900 
13. King of the Pontiacs 702-39037 (149-76-30) ...................... Mar. 5, 1905 
14. King Segis 558-36168 (86-75-46) ............................................ Nov. 22, 1903 
15. King Veeman De Kol 629-36819 (54-9-31) ............................ June 30, 1904-
16. King Walker 909-40358 (52-10-14) ........................................ Nov. 28, 1905 
17. Korndyke Queen De Kol's Prince 255-26025 (81-14-44) .... June 18, 1899 
18. Lilith Pauline De Kol's Oount 384-28430 (90-48-59) .......... Dec. 27, 1900 
19. Lord Net,herland De Kol 245-22187 (122-34-133) ................ Dec. 12, 1894-
20. Mercedes· Julip's Pietertje'g- Paul 448-29830 (76-31-44) .. Nov. 10, 1901 
21. Paul Beets De Kol 113-22235 (105-45-89) ................... _ .... Mar. 1, 1895 
22. Pearl of the Dairy's Joe De Kol 164-23450 (75-9-49) ............ Jan. 28, 1897 
23. Pietertje Hengerveld's Count De K!()l 13'5-23224 
(99-48-55) .................................................................................. Feb. 20, 1897 
24. Pietertje Hengerveld Segis 1074-44781 (51-27-8) .............. Jan. 10, 1907 
25. Pontiac Butter Boy 327-23154 (59-13-50) ............................ Mar. 26, 1897 
26. Pontiac Hengerveld Parthenea 675-39972 (80-14-29) ........ Mar. 27, 1905 
27. Pontiac Korndyke 177·25982 (116-51-53) ............................ Dec. 30, 1898 
28. Prince Beauty Pietertje Hartog 1040-45074 (50-10-11) ...... Jan. 8, 1907 
29. Sir Johanna De Kol 262-25467 (53·22-28) .......................... Dec. 29, 1898 
30. Sir Ormsby Hengerveld De Kol 266-31212 (63-14-24) ........ Jan. 14, 1902 
31. Sir Veeman Hengerveld 593-26158 (65-3-33) ........................ May 16, 1904 
32. Tidy Abbekerk Prince 969-37770 (76-4-14) .......................... Jan. 1, 1905 
Number and Average Fat Production by Ages 
Table II gives the number and average fat yield arranged by 
ages of the A. R. O. daughters of the thirty-two bulls. The average 
fat for each class is shown at the bottom of the table. These last 
are not in reality averages of the average fat given, but were 
obtained directly. That is, the total fat produced by all the cows 
in anyone class was divided by the number of cows in that class. 
For example, the total production of all the junior two-year-old 
cows was divided by 490 (the number of cows) to get the average, 
11. 7 pounds. 
Number and Average Percentage Value by Ages 
Table III contains similar data except that the fat has been 
calculated to a percentage of the Association requirements, as 
explained above, and these percentage values given in place of the 
pounds of fat. In this table the high percentage class for each 
bull is indicated by a star. For example, the high class for bull 
No.1 is composed of his junior three-year-old daughters with an 
average percentage valuation of 156.8 ; for bull No.3 the junior 
two-year-olds are highest, and so on. An observation of the 
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TABLE II .-NUMBER AND AVERAGE FAT OF A . R. O. DAUGHTERS 
BY AGES. 
Jr. 2 Sr. 2 Jr. 3 Sr. i$ Jr. 4 Sr. 4 Aged. 
Bulls N o . A.F. No. A.F. No. A .F. o . A.F. No. A.F. No. A.F. No. A.F. 
1 19 10.4 6 11 . 7 6 13 . 11 14.1 11 15.2 10 17.3 36 17. 3 
2 18 10.5 10 10.4 6 13.0 7 16.0 7 14. 6 18.0 17 18.2 
3 10 14.0 3 14.8 7 15 . 9 4 1 .6 8 17.3 10 17 . 1 14 20.3 
4 1 10.4 6 13.2 8 14.7 9 15.0 5 16.6 7 19.1 14 19.8 
5 14 13.4 11 12 .3 9 15 . 5 11 1 . 3 11 16.6 11 19. 6 20 19 . 0 
6 5 9 . 9 5 12 .4 4 14.7 9 15.7 4 1 . 9 16.8 38 17. 9 
7 24 10.5 10 14.0 10 14.9 12 15.4 12 17 . 0 10 16 . 3 40 18.1 
8 14 9.8 4 11.1 11 12.6 2 12.0 5 16.2 6 17.2 9 18 . 2 
9 6 11.0 7 12.0 5 14.7 1 . 5 9 17.7 6- 17.0 23 18. 2 
10 10 13.6 5 13.7 10 15.4 11 15.9 8 1 .2 11 16.9 61 19 . 0 
11 41 12.5 4 11.6 10 15.1 7 16. 11 17 .4 6 17.0 26 18.& 
12 7 11. 2 5 12. 1 3 13.9 11 15.5 11 16 . 3 19.9 29 19.3 
13 3 13.2 32 15.1 15 17 . 5 1 17.4 16 1 .7 10 1 . 20 21.4 
14 15 12.9 13 15.0 7 17 .0 10 20.2 3 22.6 10 21.4 2 19.4 
15 7 10.3 5 10 .6 3 14 . 5 16.4 7 16 . 5 17.9 19 19.4 
16 16 13.2 7 13.7 7 15.7 7 17.9 7 1 .5 2 19 .3 6 17.4 
17 15 11.4 6 12.9 13 14.0 7 13.3 3 15.0 9 16. 5 28 17.9 
1 15 9.3 11 11 .3 6 13.7 14 15.6 6 17 .4 7 17.0 31 18.2 
19 9 10. 0 10 10 .9 7 11 .2 12. 2 9 12.4 7 15.5 72 16.4 
20 10 9 . 2 13 10. 9 11. 6 11 U . 6 6 17.6 3 16.7 24 17.0 
21 14 11.0 1 15.6 12 14 . 3 9 13. 7 19.0 7 17.7 55 17 .5 
22 13 10.5 7 13.9 13. 5 15.9 13 .9 6 17. 5 28 18.1 
23 9 10. 2 9 11.2 8 14.5 7 15.7 13 13.6 1 .7 45 18.5 
24 9 12. 1 11 14 .9 5 13 .4 9 19.3 11 18.0 0 0.0 6 18.6 
25 1 12.5 5 10. 3 12. 9 ~ 17.7 2 13.4 7 17.9 39 17.1 
26 28 11.5 8 11.9 12 14 . 9 5 14.6 3 15 .1 4 20. 7 20 18.3 
27 27 12. 1 13 14. 1 5 16. 1 10 16. 17 19.3 10 19.2 34 20. 2 
28 11 11 .7 3 13.0 7 14 . 9 6 16 .1 14 17.2 2 17.4 7 18.1 
29 20 14 . 2 10 13.2 3 13.1 2 16. 8 3 16 .6 3 16 .2 12 19.7 
30 15 10 .9 3 10 . 3 15.2 0 0.0 7 16.0 0 0.0 35 18.8 
31 16 11 .5 4 15.6 7 17.0 2 17.9 3 22.5 11 22.0 22 19.9 
32 16 11.3 10 13. 5 13 15 .0 9 17 .~ 6 19.2 3 18 .6 19 .20. 6 
To and 
av* 490 11 .7 257 13.0 242 14.6 251 16.1 253 17 . 0 209 18. 1 877 1.. 4 
* Average fat obtained direct f rom original records 
'Yhole table will reveal the fa ct that the junior and senior two-
year-olds and the junior three-year-olds are each highest for four 
bulls, the senior threes and the junior fours for eight, the senior 
fours f or four and in n o case does the highest percentage for the 
daughters of a bull occur in the aged class. This is in keeping 
with the point to which attention was called in connection with 
'rable I; namely, that the Association age requirements are not in 
accordance with the actual average productive capacity of the 
cows of the different ages. 
Percentage Distribution of Records 
Table IV gives the t otal number of A . R. O. daughters of each 
of the thirty-two bulls and their percentage distribution in the 
various percentage groups. To explain further, of the ninety-
nine daughters of bull No . 1, 14.1% produced from 100% to 
120% of the amount of butter fat required by the Association; 
23.2% of them, from 120% t o 140% ; 29.3% of the n inety-nine, 
from 140% to 160%, and so on. 
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TABLE III.-NUMBER AND AVERAGE PERCENTAGE VALUE OF 
A. R. O. DAU GH TERS BY AGES. 
Jr. 2 Sr. 2 Jr. 3 Sr. 3 Jr. 4 Aged. 
Bulls o . Pct. No. Pct. No. Pct. No. Pct. No. P c t . o. No. Pct. 
1 HI 144 .4 6 146.~ 6 156. * 11 146.9 11 146 . ;l 10 154.fi ' ~ti 14 .3 
2 18 145. 10 130.0 6 147.7 7 11l6.7* 7 142.3 6 16 .7 17 151. 'j 
3 10 194 . 4* 3 1 5.0 7 1 0 . 7 4 193.7 8 166 . 3 10 1 5~. 7 14 169.:! 
4 1 144.4 6 165 . 0 8 167.0 9 1-6.2 5 159 . 6 7 170.5* 14 165.0 
5 14 186.1 11 153.7 9 176.1 11 190.6* 11 159.6 11 175.0 20 158 .3 
6 5 137.5 5 155.0 4 167.0 9 163 . 5 4 180 . * 9 150.0 38 149.2 
7 24 145. 10 175.0* 10 169 . 3 12 160.4 12 163.5 10 145 . 5 40 150. 8 
8 14 136.1 4 13 .7 11 143 . 2 2 125.0 5 155 . 8* 6 153.6 9 151. 7 
9 6 152.8 7 150 . 0 5 167.0 8 192 . 7* 9 170 . 2 6 151 .8 23 151.7 
10 10 188.9* 5 171. 2 10 .175.0 11 165 . 6 8 175 . 0 11 150 . 9 61 158.9 
11 41 173.6 4 145.0 10 171. 6 7 175.0* 11 167. 3 6 151.8 26 155.0 
12 7 155.6 5 151.2 3 158 . 0 11 161.5 11 161..5 3 177 . 7* 29 160.8 
13 38 183.3 32 1 8. 7 15 198 .9* 18 181. 2 16 179. 8 10 167.9 20 178.3 
14 15 179 . 2 13 187.5 7 193. 2 10 210.4 3 217.3* 10 191.1 28 161.7 
15 7 143.1 5 132.5 3 164.8 8 170.8* 7 161.5 5 159 . 8 19 161. 7 
16 16 1 3 . 3 7 171.2 7 178.4 7 186. 5* 7 177.9 2 172.3 6 145.0 
17 15 158.3 6 161. 2* 13 159.1 7 138 .5 3 144 . 2 9 147.3 28 149. 2 
18 15 129.2 11 141.2 6 155.7 14 162 . 5 6 167 . 3* 7 151.8 31 151.7 
19 9 138.9* H 136.2 7 127.3 8 127.1 9 119.2 7 138.4 72 136 .7 20 10 127.8 135.0 9 131.8 11 141.7 6 169 . 2* 3 149 . 1 24 141.7 
21 14 152.8 1 195.0* 12 162.5 9 143.7 7 182 .7 7 158 .0 55 145.8 
22 13 145.8 7 173 .7* 8 156.8 5 165 .6 8 133 . 7 6 156 . 2 2 1nO.S 
23 9 141. 7 9 140.0 8 164 . 8 7 163.5 13 130 . 8 8 167.0* 45 154 . 2 
24 9 168 .1 11 186.2 5 152.3 9 201.0* 11 173.1 0 0.0 . 6 155.0 
25 1 173 . 6 5 135.0 3 146.6 2 184.4* 2 128 .8 7 159.8 39 142.5 
26 28 159. 7 8 14 .7 12 169.3 5 152. 1 3 145.2 4 184 . 8* 20 152.5 
27 27 168.1 13 176.2 5 1 3.0 10 175.0 17 185.6* 10 171.4 34 16S.3 
28 11 162. 5 3 162.5 7 169 . 3* 6 167.7 14 165 .4 2 155.4 7 150 . 8 
29 20 197.2* 10 165 .0 3 148 . 9 2 175 .0 3 159.6 3 144.6 12 164. 2 
30 15 151.4 3 . 135. 0 3 172.7* 0 0.0 7 153.8 0 0.0 35 156 .7 
31 16 159.7 4 195 . 0 7 193 . 2 2 1 6 . 5 3 216 . 3* 11 196 .4 22 165. 
32 16 156 . 9 10 16 . 7 13 170 . 5 9 179.2 6 1 4.6* 3 166. 1 19 171.7 
T ota l 
and ** 
av'ges 490 162 .5 257 16". 5 242 165 . 9 2)1 167 . 7 253 163 . 5 209 161.6 877 153.3 
* High percentage for d a ugh ters of this bull. 
**Percentages valu es obtain ed d irect. 
TABLE IV.-THE NUMBER AND PERCENTAGE DISTRIBUTION OF 
THE DAUGHTERS OF 32 BULLS. 
Percentage Groups. 
100 121 141 161 181 201 221 241 261 281 Av p c t 
Bulls 120 140 160 180 200 220 240 260 2 0 300 No. value 
1 14.1 23.2 29 . 3 24. 2 6 .1 3.0 9'9l4~ 
2 12.7 32.4 23 . 9 16.9 11. 3 1.4 1.4 71 14< .3 
3 3.6 8.9 23.2 23 .2 21. 4 14.4 5 . 4 56 172 . 9 
4 3 . 0 19.4 38.8 20 . 9 7.5 7.5 3.0 67 159.0 
5 5.8 11. 5 20 .7 18 . 4 27.6 9.2 5.8 1. 2 87 171.4 
6 13.5 23.0 33.8 9.5 8.0 9.5 1.4 1 : 4 74 153.2 
7 11.9 27.1 22.9 18 . 6 9 . 3 5 . 9 3 . 4 . 8 118 154.4 
8 23.5 25 . 5 17.6 23 . 5 1.0 51 144.1 
9 12 . 5 18.8 15 .6 2 .1 14 .1 9 .4 1.6 64 159 . 4 
10 9.5 1 .1 19 .0 22 .4 13.8 9 . 5 3 . 4 3.4 0.0 0.9 116 165.7 
11 8.6 10.5 21. 9 30 . 5 19.0 4. 4.8 105 164.9 
12 10.1 15.9 30.4 17.4 15 . 9 7. 2 1.4 1.4 69 159.6 
13 4 . 0 4.0 15.4 22.1 18.8 20. G.7 5.4 0.7 2.0 149 1 6.4 
14 4. 11.6 11 . 6 1 .6 23.2 16.4 9.3 2.3 2 . 3 6 181 . :! 
15 9.3 20.4 25.9 1 .5 16.7 7 . 4 1.8 54 15 . 5 
16 7.7 9.6 21. 2 19 . 2 19.2 9 . 6 7.7 1. 9 1. 9 1.9 52 175.4 
17 14 . 19.7 33.3 1 .5 2.5 9.9 1.2 81 152.0 
1 11.1 34 . 4 17. 21. 1 10.0 4.4 1.1 90 150.9 
19 30.3 36.9 19.7 10.6 0.8 1.6 122 133.9 
20 23.7 34 . 2 21.0 17 .1 1.3 2 . 6 76 139.2 
21 6.7 27.6 30 . 5 21. 0 8 . 6 1.9 3.8 105 153.6 
22 17.3 18. 7 2 . 0 20.0 9.3 5.3 1.3 75 151. 6 
23 16.2 24.2 22.2 21. 2 7. 1 7 .1 2.0 99 Hi1. 6 
24 13.7 25 . 5 17.6 15.7 19.6 7.8 51 175.1 
25 25. 4 22.0 20.3 20.3 6.8 5. 1 59 145.2 
26 6.2 26.2 27.5 16.2 11.2 10.0 1.2 1.2 80 158 . 5 27 5.2 14 . 6 20.7 19. 8 17.2 8.6 9.5 4.3 116 172.9 
28 16 .0 40.0 20 .0 14.0 8.0 2.0 50 162 .8 
29 3:8 15.1 22.6 18.9 18.9 7 . 5 3.8 5.7 1. 9 1.9 53 174 . 9 
30 11.1 22 . 2 27 .0 22.2 9. 5 4 .8 3.2 63 154 .7 
31 1. 5 13.8 10 . 8 23.1 27.7 7.7 10 . 8 4 . 6 65 180 .1 
32 4 . 0 13 .2 18.4 31. 6 14.5 15. 8 2. 6 76 169.5 
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A graphic expression of the e data for the three highest and thf 
three lowest bulls in the list is given in Figs. 1 and 2 respectively. 
l'he high proportion of daughters of high percentage value is in-
di cated in Fig. 1 by long 'urve Rhow~ ng delayed crests; whil 
th e hort curve of Fig. 2 with th e cr t appearing early, indicate 
that a large proportion of the daughter of the bull are low 
producers. 
'~I ~o %41 261 ~gl 
Fig. 1.-Three bulls showing highest average value. Bull No. 13, 
average value, 186.4. Bull No. 14, average value, 181.2. Bull No. 31, 
average value, 180.1. 
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Fig. 2.-Three bulls sh{}wing lowest average value. Bull N o. 19, 
average value, 133.9. Bull No. 20, average value, 139.2. Bull No. 8, 
average value 144.1. 
Bulls in Order of Merit 
The following is a list of the thirty-two bulls arranged in 
descending order of the average percentage value of their daugh-
ters as cal·ulated. T'hjs average per entage value for each bull 
is shown in the column at the right. 
BULLS IN ORDER OF MERIT. 
1. King of the Pontiacs 702-39037 (149-76,30) ................. ........................... 186.·1 
2. King Segis 558-36168 (86-75-46) ............ ................................................ 181.2 
3, Sir Veeman Hengerveld 593-36158 (65-3-33 ) ................................ .... 180.1 
4. King Walker 909-40358 (52-10-14) ...................................................... 175.4 
5. Pietertje Hengerveld Segis 1074-44781 (51-27-8) .............................. 175.1 
6. Sir J 'ohanna De Kol 262-25467 (53-22-28) .. .................. ........................ 174.9 
7. Pontiac Korndyke 177-25982 (116·51-53) ..... ....................................... J. n.!} 
8. Admiral Walker Pietertje 594-35269 (56-10-22) ....... _ ...................... 172.:1 
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9. Coiantha Jonanna Lad 720-32481 ( 7-58-22) ................. ..................... 171.4 
10. Tidy Abbekerk Prince 969-37770 (76-4-14) .. ......................... ...... ......... lb9. b 
11. Hengerveld De Kol 136-23102 (116-64-79) , .................... ....... ................ 165.7 
12. Homestead Girl De Kol Sarcastlc Lad 51 ' - ..iL. 5 l106·Jb-4) ........ 104.~ 
li Prince Heauty Pietertje Hartog 1040-4uU74 l uO·10-H) .......... ...... Hj2. ~ 
14. Homes tead Jr. De Kol 342-28400 (69-35-47) .. .... .............. ............... ....... 159.0 
15. Earl KOllldyke De Kol 25~-24954 (64-25-27) .. .... .. .. .. ................ .......... 159 .! 
16. ' Changeling Butter Boy 773-4139 (67-10-<:'9) .... .......... .................... 159.v 
17. King Veeman De Kol 629-36 19 (54-9-31) .............. ............ .................. 158.:> 
18. Pontiac Hengerveld Parthenea 67--39972 ( 0-14-29) ........................ 158.5 
19. Sir Ormsby Hengerveld De Kol 266-31212 (63-14-24) ................. ... 154.7 
20. De Kol 2nd's Butter Boy 3rd 147-23260 (11 -91-76) ........................... 154.4 
21. Paul Beets De Kol 113-22235 (105-45- 9) .............................................. 153.6 
22. De Kol Burke 162-22991 (74-43-53) .......................... ............................ 153.2 
23. Korndyke Queen De Kol's Prince 255-26025 (81-14-44) .................. 152.0 
24. Pietertje Hengerveld's Count De Kol 135-23224 (99-48-55 ) ............ 151.6 
25. Pearl of the Dairy's Joe De Kol 164-23450 (75-9-49) ........... ....... .... 151.6 
26. Lilith Pauline De Kol's Count 384-28430 (90-48-59) ........................ 151.6 
27. Aaggie Cornucopia Johanna Lad 473-32054 (99-60-64) .............. .... 148.8 
28. Aaggie Cornucopia Pauline Count 474-29642 (71-34-23) ................ 148.:3 
29. Pontiac Butter Boy 327-23154 (59-13-50) .... ...................................... 145.!!; 
,30. Duchess Ormsby Butter King 427-30190 (51-29:21) ... ~ .................... 144.1 
31. Mercedes Julip 's Pietertje's Paul 448-29830 (76-31-44) .................. 139.~ 
32. Lord Netherland De Kol 245-22187 (122-34-133) _ ................... .......... 133.~ 
The list is headed by King of the Pontiacs, a ten-year-old bull 
having 149 A. R. O. daughters with an average percentage value 
of 186.4. King Segis stands second with a value of 181.2. Lord 
Netherland De Kol has been heralded by some a~ the great bull 
of the breed, because ~ntil 1915 he had the greatest number of 
A. R. O. daughters. He was surpassed in this regard in 1915 by 
King of the Pontiacs. When judged by the performance of all 
his A. R. O. daughters, Lord Netherland De Kol stands lowest in 
this list of thirty-two bulls, with an average value of 133.9. 
Age Distribution a Factor 
A factor which may disturb slightly the smoothness with 
which i was hoped this method of measuring the performance of 
bulls would work, is the distribution of a bull 's A. R. 0 daughters 
in the various age classes. Table V gives thi distribution for the 
thirty-two bulls listed. For example, of the ninety-nine daughters 
of bull No.1, 19 or 19.2% are junior two-year-olds, 6 or 6.1 1'0 
are senior twos, the same number and ·per cent are junior three, 
and so on. 
The fact that the Association requirements place the aged 
cows at a disadvantage, as shown in the discussion of Table I, 
suggests that bulls, a majority of whose A. R. O. daughters were 
tested as aged cows, are at somewhat of a disadvantage in the 
present method of rating. 
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TABLE V.-NUMBER ANID PERCENT OF DAUGHTERS IN EACH AGE 
CLASS. 
Jr. 2 Sr. 2 Jr. 3 Sr. 3 Jr. 4 . Sr. 4 Aged. 
Bulls No. Pet. No. Pet. No. Pet No. Pet. No. Pet. No. Pet. No. Pet. 
1 - 1::-::9,.:-:1,.-::9..:.... 2=--~6=---:6:-. ::-1 - 6=----:6;-.-=-1 ~11 1011 11.1- 10 1Q.l36 36.-1 
2 18 25.4 10 14.1 6 8.5 7 9.9 7 ' 9.9 6 8.5 17 23.9 
3 10 17.9 3 5.4 7 12.5 4 7.1 8 14.3 10 17.9 14 25.0 
4 18 26.9 6 9.0 8 11.9 9 13.4 5 7.5 7 10.5 14 20.9 
5 14 16.1 11 12.6 9 10.3 11 12.6 11 12.6 11 12.6 20 23.0 
6 5 6.8 5 6.8 4 5.4 9 12. 2 4 5.4 9 12.2 38 51.4 
7 24 20.3 10 8.5 10 8.5 12 10.2 12 10. 2 10 .5 40 33.9 
8 14 27.5 4 7.8 11 21. 6 2 3.9 5 9. 6 11. 8 9 17.6 
9 6 9.4 7 10. 9 5 7. 8 8 12. 5 9 14.1 6 9.4 23 35.9 
10 10 8.6 5 4.3 10 8 . 6 11 9.5 6. 9 11 9.5 61 52 . 6 
11 41 39.0 ' 4 3.8 10 9.5 7 6.7 11 10. 5 6 5.7 26 24.8 
12 7 10.1 5 7.2 3 4.3 11 15.9 11 15.9 3 4.3 29 42.0 
13 38 25.5 32 21.5 15 10.1 18 12.1 16 10.7 10 6.7 20 13.4 
14 15 17.4 13 15.1 7 8.1 10 11.6 3 3.5 10 11.6 2 32.6 
15 7 13.0 5 9.3 3 5.6 8 14. 7 13.0 5 9 . 3 19 35.2 
16 16 30.8 7 13.5 7 13. 5 7 13.5 7 13.5 2 3.8 6 11.5 
17 15 18.5 6 7.4 13 16.0 7 . 6 3 3.7 9 11.1 28 34 . 6 
18 15 16.7 11 12.2 6 6.7 14 15 . 6 6 6.7 7 7.8 31 34.4 
19 9 7.4 10 8 . 2 7 5.7 8 6.6 9 7.4 7 5.7 72 59.0 
20 10 13.2 13 17.1 9 11.8 11 14.5 6 7.9 3 3.9 24 31.6 
21 14 13.3 1 1.0 12 11 . 4 9 8.6 7 C,.7 7 6.7 55 52.4 
221317.3 7 9.3 8 10.7 5 6.7 810 . 7 6 8.02837.3 
23 9 9.1 9 9.1 8 8.1 7 7.1 13 13 .1 8 8.1 45 45.5 
24 9 17.6 11 21.6 5 9 . 8 9 17.6 11 21.6 0 0.0 6 11. 
25 1 1.7 5 8.5 3 5 .1 2 3.4 2 3.4 7 11.9 39 66.1 
26 28 35.0 8 10.0 12 15.0 5 6. 2 3 3.7 4 5.0 20 25.0 
27 27 23.3 13 11.2 5 4 . 3 10 8.6 17 14 .7 10 .6 34 29.3 
28 11 22 .0 3 6.0 7 14 .0 6 12 . 0 14 28 . 0 2 4 . 0 7 14 .0 
29 20 37.7 10 18.9 3 5.7 2 3 . 8 3 5.7 3 5.7 12 22.6 
30 15 23.8 3 4.8 3 4 . 8 0 0 . 0 7 11.1 0 0.0 35 55.f 
31 16 24.6 4 6.2 7 10.8 2 3 .1 3 4.6 11 16 .9 22 33. 8 
32 16 21.1 10 13.2 13 17.1 9 11 . 6 7.9 3 3.9 19 25.0 
To determine just what correlation there is between the per-
centage value of the bull and the proportion of aged cows among 
his A. R. O. daughters, Table VI was compiled. An inspection of 
columns three and four of the table indicates a rather close re-
lationship between the two. That is, as the values of the bulls 
decrease there is a tendency for the proportion of aged r ecords to 
increase. In other words, there is a negative correlation between 
the .two. The exact negative correlation is shown by the co-
efficient of correlation which was found to be-O.5240±O.0865. 
In order to determine just what effect this factor has exerted 
on the order in which the bulls appear in the list, the average 
percentage values were recalculated (by a somewhat different and 
shorter method) on the basis of the revised age requirements given 
in Table I. It will be recalled that these revised requirements 
are based on the actual production of the cows of the different 
ages whose records have been used in this study. For this parti-
cular population, then, this revised standard is accurate and the 
average percentage values calculated therefrom are not influenced 
by the distribution of the cows in the different age classes, as the 
revised requirements were derived from the records involved. 
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The r ecalculated percentages were obtained from the data in 
Table II. The average production of each class for anyone bull 
TABLE VI.- CORRELATION BETWEEN VALU E OF BU L LS AND THE 
PROPORTION OF THEIR TESTED DAUGHTERS IN 
THE AGED CLASS. 
Bull Average % dau. Bull Average 
Place No. value in aged class No. value 
1 13 186.4 13.4 14 173.6 
2 14 181.2 32.6 13 172.5 
3 31 180.1 33.8 31 169.7 
4 16 175.4 11.5 29 165.7 
5 24 175.1 11.8 3 165.6 
6 29 174.9 22.6 27 164.9 
7 27 172.9 29.3 16 164.3 
8 3 172.9 25.0 24 164.1 
9 5 171.4 23.0 5 161.4 
10 32 169.5 25.0 32 160.1 
11 10 165.7 52.6 10 158.5 
12 11 164.9 24.8 11 157.1 
13 28 162.8 14.0 12 153.9 
14 12 159.6 42.0 9 153.2 
15 9 159.4 35.9 28 152.5 
16 4 159.0 20.9 15 151.1 
17 15 158.5 35.2 4 150.2 
18 26 158.5 25.0 30 150.0 
, 19 30 154.7 55.6 26 149.9 
20 7 154.4 33.9 6 148.3 
21 21 153.6 . 52.4 7 148.0 
22 6 153.2 51.4 21 146.8 
23 17 152.0 34.6 23 145.7 
24 23 151.6 45.5 22 145.7 
25 22 151.6 37.3 17 145.0 
26 18 150.9 34.4 18 142.9 
27 1 148.8 36.4 25 142.6 
28 2 148.3 23.9 1 142.0 
29 25 145.2 66.1 2 140.5 
30 8 144.1 17.6 8 135.9 
31 20 139.2 31.6 20 133.0 
32 19 133.9 59.0 19 130.8 
Coefficient of correlation of average percentage value of bulls and per 
cent of daughters in aged class,-O.5240±O.0865. 
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was divideq by the age requirement (revised) for this class, 
the result multiplied by 100 and then by the number of records 
represented by that average. The results thus obtained for each 
class were all totaled and then divided by the total number of 
records for this one bull. This can be expressed by the follow-
ing formula: 
a x 100 x c 
b 
d 
in which" a" is the actual average production for the different 
ages, "b" the requirement (revised) for each age, "c" the num-
ber of records in each age class, and" d" the total number of re-
cords for the bull. 
These revised percentage values are given in the last column 
of Table VI, arranged in descending order. The corresponding 
bull numbers are shown in the column before the last. The dif-
ference in the methods used accounts for the difference in the 
magni tude of the numbers in general. 
A study of the relative positions of the different bulls reveals 
the fact that this correction or recalculation has resulted in no 
very great changes. The first and second bulls changed places, 
while third place is still retained by bull No. 31. Bull No. 16 
dropped from fourth to seventh place, bull No. 24 from :fifth to 
eighth place, bull No. "29 came up from sixth to fourth place, and 
so on down the list. Bulls Nos. 8, 20 and 19 retain their old 
positions at the bottom of the list. In fact, the last seven bulls in 
the list remain in the same position except that bull No. 25 changed 
from twenty-ninth up to twenty-seventh place. 
In the revised list, changes in the position of bulls have been 
lar gely in accordance with the proportion of aged records occuring 
in the calculation. To illustrate, bull No. 14 with 32.6% of his 
daughters in the aged class, went above bull No. 13, only 13.4% 
of whose daughters were tested as aged cows. Bull No. 29 with 
22.6% of aged cows among his tested daughters went above bulls 
Nos. 16 and 24 with 11.5% and 11.8% r espectively of their daugh-
ters in the aged class. 
One point to be observed is that a relatively large percentage 
of aged daughters brings no or only a very small change of 
position. This indicates that the disturbing influence of this 
factor is not as great as mjght be expected and that for all 
practi cal purposes it may be ignored. 
16 BULLETIN No. 153. 
The Sons Considered 
An attempt was also made to obtain a measure of the per-
formance of a bull by the performance of his sons. To this end, 
TABLE VII.-AVERAGE PERCENTAGE VALUE OF DAUGHTERS AND 
DAUGHTERS OF SONS. 
Average Percentage Value of 
Bull Daughters 
Place No. Daughters of Sons. 
1 13 186.4 166.3 
2 14 181.2 165.6 
3 31 180.1 189.7 
4 16 175.4 158.9 
5 24 175.1 162.8 
6 29 174.9 148.8 
7 27 172.9 166.7 
8 3 172.9 164.3 
9 5 171.4 158.6 
10 32 169.5 151.9 
11 10 165.7 159.7 
12 11 164.9 155.7 
13 2 162.8 159.9 
14 12 159.6 151.6 
15 9 159.4 152.7 
16 4 159.0 165.1 
17 15 158.5 146.2 
18 26 158.5 146 .. 5 
19 30 154.7 152.2 
20 7 154.4 150.6 
21 21 153.6 143.5 
22 6 153.2 140.9 
23 17 152.0 148.7 
24 23 151.6 144.4 
25 22 151.6 139.0 
26 18 150.9 149.9 
27 1 148.8 148.7 
28 2 148.3 149.0 
29 25 145.2 157.3 
30 8 144.1 151.7 
31 20 139.2 161.3 
32 19 133.9 144.0 
Coefficient of c orrelation O.6326±O.O715. 
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the records of the daughters of the sons of the bulls in question 
were calculated to a percentage basis, as outlined above, these 
r ecords being taken as a measure of the son's performan ce. 
There were 7,632 of these records. The result of the cal-
culation gives the average percentage value of the daughters of 
the sons of the thirty-two bulls being studied. These values are 
given in Table VII along with the average value of the bulls as 
shown by the performance of their daughters. 
The coefficient of correlation between these two values 
(O.6326±O.0715) shows a higher degree of correlation than might 
be expected from the relation of the matings in question. 
Fig. 3.-Correlat~<>n between average value of bl111s and average value of 
sons of these same bulls as shown by the average percentage 
values of their daughters. 
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These two sets of values are shown in graphic form in Fig 3. 
The close correlation between these two values may be taken by 
some as evidence that milk production is transmitted through the 
male line. The writer, however, chooses to regard it merely 
as greater intensity of breeding, so to speak, on the part of the 
bulls, due to the more rigid selection toward milk production 
which they have undergone. 
Practical Selection by Performance. 
Most practical dairymen now realize the advantage of breed-
ing to a tried bull-one that has proved his power to sire high-
producing daughters. Just what performance these daughters 
must attain before a bull is considered good in practice, is very in-
definite. A bull whose daughters are uniformly above the average 
as producers is the bull which usually, and rightly, attracts atten-
tion. Another bull may be the sire of one phenomenal producer 
and a large number of rather inferior cows. Such a bull is a good 
one for the average dairyman to shun. There may be a certain 
temptation to duplicate the extreme production of the one cow, 
but the odds are too much against this for him to gamble for 
this end. 
The fact immediately arises that at some period even in each 
good bull's life he was an untested sire. This is very true and 
someone had to give him a chance to prove himself. There is ' 
always a certain risk in breeding to an untried bull. The chance 
to measure his value is necessarily delayed not only till the par-· 
ticular heifer is born, but till she is in turn bred and comes into· 
milk. Even then, anything but a complete lactation record is not. 
a good standard from which to draw conclusions. All told, then,. 
it takes the better part of four years to measure the value of a 
bull. In that length of time this bull could have sired five crops· 
of calves, thus completely making over the herd upon which the· 
owner must depend for future profits. 
The seriousness and lasting effects of such a move suggest. 
that great caution should be employed. The careful method of' 
testing out a new bull is to breed him only to a few older cows of' 
known breeding capacity, then hold him in reserve, using him only-
when absolutely necessv.ry, till the results of this .first trial are 
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completed. If the majority of these first heifers prove to be sat-
isfactory producers the bull could then safely be used generally in 
the herd, if not he should· be discarded. 
This may appear to be a long, rather expensive, and more or 
less useless precaution; and yet, compared with the disaster of 
wrecking one's entire herd with a single inferior bull, as is en-
tirely possible if one proceeds blindly, this expense and trouble 
can not be considered. 
SUMMARY 
Selecting dairy bulls upon their records as breeders is more 
certain to result in improvement in dairy cattle than selection 
either by ancestry or conformation. 
The progeny of thirty-two leading Holstein-Friesian bulls 
forms the basis of the present study. 
The seven-day records of the 2,57~ tested Jaughters of these 
bulls and of the 7,632 tested daughters of the proven sons of these 
bulls are included, making a total of 10,211 individual butter fat 
records. 
A tabulation of these 10,211 records classified according to 
age of cow indicates that the present association age requirements 
do not really represent the average productive capacities of cows 
of the respective ages. (Table I.) 
The number of A. R. O. daughters a bull has cannot be taken 
as a true index of his value as a breeder-this may indicate only 
his opportunity. N either can his real value be measured by a few 
high producing daughters. High average production in all of his 
daughters is the final measure of a good bull. 
The coefficient of correlation of the average value of the 
daughters of thirty-two bulls and the value of the daughters of the 
sons of the same bulls is higher than might be expected. 
(0.6326±0.0715). This however, is not considered evidence that 
milk production is transmitted through the male line. 
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